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1
TOUCH SENSITIVE SCREEN

RELATED APPLICATIONS

This application is a continuation, under 35 U.S.C. §120, of
U.S. patent application Ser. No. 11/532,560, filed 18 Sep.
2006. U.S. patent application Ser. No. 11/532,560 claims the
benefit, under 35 U.S.C. §119(e), of U.S. Provisional Patent
Application No. 60/722,477, filed 30 Sep. 2005, and also
claims the benefit, under 35 U.S.C. §119(a) of U.K. Patent
Application No. 0519170.5, filed 20 Sep. 2005.

TECHNICAL FIELD

This disclosure generally relates to touch sensors.

BACKGROUND OF THE INVENTION

The invention relates to a capacitive touch sensor for
detecting the presence of an object within a sensing area.

The use of touch-sensitive sensors is becoming more com-
mon. Examples include the use of touch sensors in laptop
computers in place of mouse pointing devices and as control
panels for receiving user inputs to control a device or appli-
ance, both domestic and portable.

Touch-sensitive sensors are frequently preferred to
mechanical devices because they provide a more robust inter-
face and are often considered to be more aesthetically pleas-
ing. In addition, because touch-sensitive sensors require no
moving parts to be accessible to a user, they are less prone to
wear than their mechanical counterparts and can be provided
within a sealed outer surface. This makes their use where
there is a danger of dirt or fluids entering a device being
controlled particularly attractive. Furthermore, unlike
mechanical interfaces, touch sensitive sensors can be made
transparent. There is an increasing desire to provide transpar-
ent sensors because these can be used over a display to pro-
vide a touch sensitive screen which is capable of displaying
information to a user and responding to a user pointing to
particular areas of the display.

A known two dimensional position sensor is described by
the present inventor in WO 00/44018. This position sensor
comprises an array of N by M touch keys. Each key corre-
sponds to an intersection between a drive electrode and a
sense electrode. An electrical drive signal is applied to the
drive electrode. The degree of capacitive coupling of this
drive signal to the sense electrode is determined by measuring
the amount of charge transferred to the sense electrode in
response to changes in the drive signal. The degree of capaci-
tive coupling between the electrodes at a given key is depen-
dant on the presence of objects in the vicinity of that key since
these will modify the electric field pattern between the elec-
trodes. Some objects, e.g. conductive water films, will
increase the capacitive coupling. Other objects, e.g. a human
having a significant capacitive coupling to ground, will
decrease the capacitive coupling. This is because charge can
be sunk to ground through the adjacent object, rather than
through the sense electrode.

The array of keys described in WO 00/44018 is a matrixed
array. This means a single drive electrode is associated with
the keys in a given column and a single sense electrode is
associated with the keys in a given row. This reduces the
number of drive and sense channels required since a single
drive channel simultaneously drives all of the keys in a given
column and a single sense channel senses all of the keys in a
given row. The capacitive coupling between the electrodes at
the positions of the different keys can be determined by driv-
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2

ing the appropriate column and sensing the appropriate row.
For example, to determine the capacitive coupling between
the electrodes associated with a key at the intersection of
column 2 and row 3, the drive signal is applied to the drive
electrode of column 2 while the sense channel associated with
the sense electrode of row 3 is active. The output from the
active sense channel reflects the capacitive coupling between
the electrodes associated with the key under investigation. It
does not matter that the drive signal is applied to other keys in
column 2 because the rows associated with these keys are not
being sensed. Similarly, it does not matter that the other keys
in row 3 are being sensed because these keys are not being
driven. In this way the different keys can be scanned by
sequencing through different combinations of drive and sense
channels.

The two dimensional position sensor described in WO
00/44018 is a robust and efficient device. However, an impor-
tant feature of this type of position sensor which contributes
to its good performance is the fact that during the transfer of
charge from the driven electrode to the sensing electrode, the
sensing electrode should appear as a virtual ground. Each
sense channel includes a charge detector for determining the
amount of charge transferred in response to the changing
drive signal (i.e. the degree of AC capacitive coupling). It is
important that the sense electrode presents a low impedance
node because this allow charge to be efficiently sunk to the
charge detector. If the sense electrode does not present a low
input impedance, charge flows induced in the sense channel
by the changing drive signal appear as voltage pulses on the
sense electrode. This makes the sensor susceptible to ‘walk-
by’ interference from objects near to the wiring connecting
between the sense electrode and the charge detector. This is
because an object near the wiring can absorb some of the
signal from the wiring connection and so reduce the signal
supplied to the charge detector. This can appear to the control
circuitry as a reduction in capacitive coupling at the key (i.e.
a detection event), even though the object is adjacent the
wiring rather than near the sense electrode. Thus a hand
reaching across the wiring of one row of electrodes to activate
a key in another row can lead to an erroneous output. Further-
more, ifthe sense channel has significant input impedance the
length of wiring used in the sensor becomes a factor in deter-
mining the gain of the circuit. This is because the wiring will
cause some of the sense signal to “bleed off” capacitively into
free space, adjacent wires, and ground, thus forming a capaci-
tance divider circuit together with the capacitance coupling
between the key.

The low impedance characteristic of the charge detection
circuitry used in WO 00/44018 means that the above identi-
fied problems are reduced. However, a problem arises in the
context of transparent touch sensors since most transparent
conductors of electricity that can be used to form the drive and
sense electrodes in a position sensor of the kind described in
WO 00/44018 (e.g., Indium Tin Oxide (ITO)) are highly
resistive compared to copper wiring. For example, 300 ohms
per square is customary in optimally transparent ITO films.
This means unlike materials such as copper, transparent con-
ductors cannot generally be formed into electrodes and asso-
ciated wiring having negligible resistance (at least for thick-
nesses at which they remain substantially transparent). Thus
even if the charge detection circuitry itself presents a suitably
low impedance, the material comprising the columns of drive
electrodes and the rows of sense electrodes themselves (and
any associated wiring traces made of the same material) may
not. Thus devices of the type described in WO 00/44018 in
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which the electrodes are to be formed by a resistive conductor
(e.g. transparent conductors) are difficult to implement reli-
ably.

Furthermore, of considerable importance in many touch
panel designs is the parallel ability to sense capacitive touch
keys adjacent a touch screen area. These kinds of panel keys
are substantially described in WO 00/44018 in conjunction
with touch buttons on a dielectric surface, using copper or
other metallic, low resistance wiring. The desire to incorpo-
rate both low resistance wiring with high resistance clear-
conductor wiring can create circuit design problems, usually
necessitating the use of two different types or performances
of capacitive circuits.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided
a capacitive sensor comprising: a substrate; a resistive first
electrode on one side of the substrate; a resistive second
electrode on the other side of the substrate; and a shorting
connection configured to connect between at least two loca-
tions on the first electrode.

The sensor may be operated as an active or a passive sensor.
Where the sensor is operated as an active sensor, the provision
of the shorting connection helps reduce the impedance pre-
sented by the electrodes to drive signals applied to one or
other of the first and second electrodes. This allows charge to
be more efficiently coupled through the sensor and so reduces
voltage differences between the respective electrodes and
associated circuitry. This means the effects of walk-by inter-
ference that can normally arise when a sensor does not present
a low impedance node to a drive signal can be reduced. Thus
if the substrate and the electrodes are transparent, a transpar-
ent sensor can be provided with reduced sensitivity to walk-
by interference, notwithstanding the fact that the electrodes
are resistive. Where the sensor is operated as a passive sensor
(e.g. with sense channels coupled to both the first and second
electrodes), the reduction in impedance of the electrodes due
to the provision of the shorting connection similarly reduces
the effects of walk-by interference.

In general the first electrode (i.e. the one associated with
the shorting connection) will be the electrode having the
greatest overall resistance. This will depend on the arrange-
ment of the resistive material forming the respective elec-
trodes. However, the sensor may comprise a further shorting
connection configured to connect between two locations on
the other electrode if desired (i.e. such that a shorting elec-
trode is provided for both the first and second electrodes).

The electrodes may be arranged in a pattern so as to provide
an array of open regions on one side of the substrate and an
array of filled regions on the other side, the filled region being
arranged to align with the open regions. This allows electric
fields to spill out from the region between the electrodes. This
allows an object that modifies the electrical properties within
the region of the spilled field (for example by providing a
virtual earth) to change the capacitive coupling between the
electrodes and so be detected.

In the case of an active sensor, the sensor may be provided
with associated circuitry which comprises a drive channel
operable to apply electrical drive signals to one of the first or
second electrodes (which may thus be referred to as a drive
electrode) and a sense channel operable to detect (sense)
electrical signals induced in the other of the first and second
electrodes in response to drive signals (which may thus be
referred to as a sense electrode).
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The drive channel may comprise a switch element operable
to selectively connect the drive electrode to a voltage source
and to disconnect it therefrom. The sense channel may com-
prise a charge transfer circuit.

In the case of a passive sensor, the sensor may be provided
with associated circuitry which comprises sense channels
operable to detect changes in the capacitance of the respective
electrodes to ground.

The sensor may comprise more than one electrode on the
side of the substrate having the first electrode and/or more
than one electrode on the side of the substrate having the
second electrode, thus providing multiple sensor areas (keys).

Where more than one electrode are provide on one or other
side of the substrate, the electrodes may be arranged in a
matrix array to allow circuitry elements (e.g., the drive and
sense channels of an active sensor) associated with the elec-
trodes to serve more than one key.

According to a second aspect of the invention there is
provided a control panel comprising the sensor of the first
aspect of the invention and a cover panel overlying the sensor.
This allows the sensor to be protected during use.

The control panel may further comprise at least one low-
resistance electrode, for example formed of copper, for pro-
viding a conventional capacitive touch sensitive key in asso-
ciation with the sensor of the first aspect of the invention. A
single controller may be used to govern the operation of the
sensor of the first aspect of the invention and the conventional
capacitive touch sensitive key.

The cover panel and the sensor may be attached to one
another by a refractive index matching adhesive. This can
help maintain optical transparency where the sensor and
cover panel are transparent.

Furthermore, the control panel may comprise a display
screen underlying the sensor. Thus a touch sensitive display
screen may be provided. The display screen and the sensor
may also be attached to one another by a refractive index
matching adhesive.

According to a third aspect of the invention there is pro-
vided an apparatus comprising the control panel of the second
aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to show
how the same may be carried into effect reference is now
made by way of example to the accompanying drawings in
which:

FIGS. 1A and 1B schematically show respective front and
rear plan views of a two dimensional capacitive position
sensor according to an embodiment of the invention;

FIG. 2 schematically shows together the front and rear plan
views of the sensor shown FIGS. 1A and 1B;

FIG. 3A schematically shows in plan view a region of the
sensor shown in FIG. 2 on a magnified scale;

FIG. 3B schematically shows in section view the portion of
the sensor shown in FIG. 3A;

FIGS. 3C and 3D schematically show section views of
portions of the sensor shown in FIG. 3B with overlaying
electric field lines;

FIGS. 4A and 4B schematically show plan views of por-
tions of sensors according to other embodiments of the inven-
tion;

FIGS. 5A and 5B schematically show respective front and
rear plan views of a two dimensional capacitive position
sensor according to another embodiment of the invention;

FIG. 6A schematically shows an electrical circuit for use
with sensors according to embodiments of the invention;
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FIG. 6B schematically shows the timing relationship
between some elements of the circuit shown in FIG. 6A;

FIG. 7 schematically shows a touch sensitive display
screen incorporating a sensor according to an embodiment of
the invention;

FIG. 8 schematically shows a washing machine incorpo-
rating a sensor according to an embodiment of the invention;

FIG. 9 schematically shows a cellular telephone incorpo-
rating a sensor according to an embodiment of the invention;

FIGS. 10A and 10B schematically show respective front
and rear plan views of a two dimensional capacitive position
sensor according to another embodiment of the invention; and

FIGS. 11A and 11B schematically show respective front
and rear plan views of a two dimensional capacitive position
sensor according to a further embodiment of the invention.

DETAILED DESCRIPTION

FIGS. 1A and 1B schematically show respective front and
rear plan views of a two dimensional capacitive position
sensor 2 according to an embodiment of the invention. The
terms front and rear are used for convenience to refer to
opposing sides of the sensor 2 and are not intended to refer to
any particular spatial orientation. The term front is used to
identify the side of a sensor which typically faces an object to
be sensed when the sensor is in normal use. It will be appre-
ciated however that in many cases the sensor is reversible.

The sensor 2 comprises a substrate 4 having a patterning of
electrodes deposited on both sides which together define a
sensitive area of the sensor. The patterning of the electrodes
on the substrate can be achieved using conventional tech-
niques. The substrate 4 is of a transparent plastics material, in
this case Polyethylene Terephthalate (PET). The electrodes
are of a transparent conductive material, in this case ITO.
Thus the sensitive area as a whole is transparent and may be
used over an underlying display without obscuration. The
sensor additionally comprises a drive unit 6 for supplying
drive signals to electrodes on one side, in this case the front
side, of the substrate 4 (FIG. 1A) and a sense unit 8 for sensing
signals from the electrodes on the other side of the substrate 4,
in this case the rear side (FIG. 1B). The sensor 2 further
comprises a sensor controller 10 coupled to both the drive unit
6 and the sense unit 8. The sensor controller 10 controls the
operation of the drive and sense units and processes responses
from the sense unit to determine the position of an object
adjacent the sensor. The drive unit 6, sense unit 8 and sensor
controller 10 are shown schematically in FIGS. 1A and 1B as
separate elements. However, in general the functionality of
these elements will be provided by a single integrated circuit
chip, for example a suitably programmed general purpose
microprocessor or field programmable gate array, or an appli-
cation specific integrated circuit.

The electrode patterning of the front side of the substrate
(FIG. 1A) comprises three “column” electrodes X1, X2 and
X3. These run vertically and are spaced apart from each other
horizontally for the orientation shown in FIG. 1A. (The terms
vertical and horizontal, top and bottom, and so on as used
herein refer to the orientation of the sensor 2 shown in FIGS.
1A and 1B unless the context demands otherwise. The terms
are not intended to refer to any particular orientation of the
sensor when it is in normal use. Furthermore, the terms col-
umn and row will generally be used to conveniently refer to
vertical and horizontal alignments). Each column electrode
X1, X2, X3 is formed from an electrically continuous area of
ITO having a plurality of diamond-shaped open regions
formed therein (i.e. regions where there is no ITO present on
this side of the substrate). The open regions in each one of the
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6

column electrodes are arranged into four vertically displaced
horizontal bands with each band comprising four rows and
nine columns of openings. The electrode patterning on this
side of the substrate also includes a ground shield 14. This is
formed from a continuous region of ITO that runs horizon-
tally along a top edge of the column electrodes and extends
into the areas between them. The ground shield is connected
to a system ground 18 (i.e. a system reference potential). The
ground shield can help to reduce cross-talk between the dif-
ferent column electrodes during use, but may be omitted if
desired.

The column electrodes X1, X2, X3 are connected via drive
wires 20 to respective drive channels D1, D2, D3 in the drive
unit 6. Thus the column electrodes are sometimes referred to
as driven or drive electrodes. In this example a separate drive
channel is provided for each column electrode. However, a
single drive channel with appropriate multiplexing may also
beused. The drive channels are controlled by the controller 10
to apply drive signals to respective ones of the column elec-
trodes as described further below. The drive wires comprise
conventional copper wiring (e.g. ribbon connectors) con-
nected to the ITO column electrodes via carbon pads 26. The
drive wires 20 are shown schematically in FIG. 1A and in
general better performance can be achieved if the drive wires
associated with the different electrodes are of similar lengths
since this can help to minimize differences in performance
between channels. In some examples the drive wires may be
also formed from ITO traces on the substrate connected to the
drive channels through an edge connector. However, in gen-
eral conventional wiring will have the advantage of providing
lower resistance drive wires.

The electrode patterning of the rear side of the substrate
(FIG. 1B) comprises four “row” electrodes Y1, Y2, Y3, Y4
which run horizontally and are spaced apart from each other
vertically. Each row electrode Y1,Y2,Y3,Y4 is formed from
an electrically continuous area of ITO. The row electrodes
Y1,Y2,Y3, Y4 are formed such that each one comprises a
pattern that is repeated three times along its length in asso-
ciation with the three column electrodes X1, X2, X3 on the
opposing side of the substrate 4. The repeat pattern comprises
four sub-rows of ITO which are aligned with respective ones
of the four rows of diamond-shape open regions in a corre-
sponding one of the four bands of open regions in the ITO
forming the column electrodes. Each of the sub-rows includes
nine filled regions where the ITO forming the row fills out into
diamond shapes which correspond to and align with respec-
tive ones of the open regions on the opposing side of the
substrate. In this case the filled regions from one sub-row just
contact the filled regions from the neighboring sub-row, but
this is not significant. The ends of each row eclectrode are
connected together by low-resistance shorting connections
30 provided by wiring which runs external to the sensitive
area via carbon pads 27. In this example the shorting connec-
tions 30 comprise conventional copper wiring (e.g. ribbon
connectors) coupled to the ends of the respective row elec-
trodes via the carbon pads 27.

The row electrodes Y1,Y2, Y3, Y4 are connected via sense
wires 32 to respective sense channels S1, S2, S3, S4 in the
sense unit 8. Thus the row electrodes are sometimes referred
to as sense electrodes. In this example a separate sense chan-
nel is provided for each row electrode, but as with the drive
channels, a single sense channel with appropriate multiplex-
ing could also be used. The sense channels are controlled by
the controller 10 to measure response signals from respective
ones of the row electrodes as described further below. The
sense wires 32 comprise conventional copper wiring con-
nected to the shorting connections 30. Thus the sense chan-
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nels are connected to both ends of their respective row elec-
trodes through low-resistance connections provided by a
combination of the sense wires and the shorting connections.

It will be understood that the particular configuration
shown in FIG. 1B which uses shorting connections 30
between the respective row electrode ends and sense wires 32
connecting the shorting connections to the sense channels is
only one way of connecting the sense channels to both ends of
the respective row electrodes. For example, the same result
could be achieved using connections running directly from
each of the sense channels to the two ends of the associated
row electrodes.

As with the drive wires 20 shown in FIG. 1A, the sense
wires 30 are shown schematically and in general better per-
formance can be achieved if the wiring associated with the
different electrodes is of a similar length to help minimize
differences in performance between channels. In some
examples the connections between the sense channels and the
ends of the row electrodes may be wholly or partially formed
from traces on the substrate. It is possible to do this by
forming the traces from ITO (perhaps made thicker than in the
transparent area of the sensor to reduce their resistance), but
it will generally be advantageous to use silver ink traces since
these will generally have lower resistance. However, in this
case conventional copper wiring is used to connect the sense
channels to the row electrodes and this also have the advan-
tage of providing lower resistance connections than would
generally be obtainable using [TO.

FIG. 2 schematically shows a plan view of the sensor 2
shown in FIGS. 1A and 1B in which the electrode patterning
on both the front side (FIG. 1A) and the read side (FIG. 1B)
are shown together. The electrode patterning on the rear side
of'the substrate is shown as being on top in this figure (i.e. the
view is from “behind” the substrate). This figure shows how
the filled diamond-shaped regions in the electrode rows on the
rear side (FIG. 1B) overlay the opposing openings in the
column electrodes on the front side (FIG. 1A). In FIG. 2, the
drive unit 6, the sensor unit 8 and the sensor controller 10 are
shown as sub-units of a single micro-controller 50 that pro-
vides the functionality of all three of these elements. Also
shown is a device controller 52 that receives position infor-
mation from the sensor controller (i.e. a signal P, , indicative
of a calculated position of a sensed object within the sensing
area), and takes appropriate action in response to the mea-
sured position to control a device associated with the sensor
by outputting control signals C.

FIG. 3A schematically shows a magnified portion of the
sensor shown in FIG. 2. In particular, the region of the sensor
marked by dashed line R in FIG. 2 is shown. FIG. 3A more
clearly shows how each of the diamond-shaped filled regions
in the electrode rows on the rear side of the substrate (FIG.
1B) are aligned with corresponding ones of the diamond-
shaped open regions in the column electrodes on the front side
(FIG. 1A). The open regions in the column electrodes are
schematically shown in dashed outline as being slightly
smaller than they are in relation to the diamond-shaped filled
regions in the row electrodes so that they are more clearly
seen in the figure. In practice, the filled regions and the cor-
responding open regions would be arranged to have substan-
tially the same extent so that they more closely overlapped.

FIG. 3B schematically shows a section view of the region
of'the sensor 2 shown in FIG. 3A taken along theline AA'. The
section view also shows other elements which are combined
with the sensor 2 to provide a touch sensitive display 60 and
also an object (in this case a user’s finger having a capacitance
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Cx to ground) whose position is to be sensed. The section
view of FIG. 3B is shown with the front side of the sensor 2
uppermost.

FIG. 3B shows the touch sensitive display 60 to comprise
several layers and these are labeled L1 to L7 from the user-
side downwards. The sensor elements described above com-
prise layers 1.3, L4 and L5. Layer L4 is the substrate and
layers .3 and L5 are the depositions of ITO on the front and
rear sides of the substrate respectively. Layer L5 (rear—FI1G.
1B) shows the carbon pad 27 for connecting the row electrode
to the shorting connection 30. Adjacent this there is a con-
tinuous section of ITO running along the row electrode at the
location through which the section AA' is taken. This con-
tinuous section of ITO is schematically shown as alternating
solid-shaded sections 68 and cross-hatched sections 70. The
solid shaded sections 68 correspond to the diamond-shaped
filled regions and the cross-hatched sections 70 correspond to
the portions of the sub-row of the row electrode through
which the section is taken that connect between the diamond-
shaped filled regions. Layer 1.3 shows the ITO deposition
pattern on the front side of the substrate shown in FIG. 1A.
The section view shown in FIG. 3B passes through a number
of'the diamond-shaped open regions such that layer L3 is seen
to comprise alternating sections of hatched regions 60 where
ITO is present and un-shaded regions 62 where there is no
ITO on this side of the substrate. It can clearly be seen from
FIG. 3B that the diamond-shaped filled regions on the rear
side of the substrate 4 (layer [5) align with the diamond-
shaped open regions on the front side.

Layer L1 of the touch sensitive display 60 is a cover panel,
e.g. of'a glass or plastics material, which protects the sensor
during use. The cover panel may include graphic decals as
desired. Layer 1.2 is an adhesive layer which bonds the sensor
2 to the cover panel. Layer 17 is a display screen, for example
a liquid crystal display panel. Layer L6 is an adhesive layer
that bonds the sensor (and attached cover panel) to the display
screen. It can be beneficial for the respective adhesive layers
to index match the ITO and the cover panel/display screen
cover to improve transparency.

Each of the intersections between a row electrode and a
column electrode can be considered to correspond to a dis-
crete sensor area (key) of the position sensor 2. Thus the
position sensor 2 comprises twelve keys arranged into four
rows and three columns. In use the sensor may be operated in
a manner which is similar to that described in WO 00/44018,
the contents of which are incorporated herein by reference.
Whether or not an object is adjacent a given key is determined
by examining the capacitive coupling between the column
electrode and the row electrode that intersect to define that
key. Thus to determine whether an object is adjacent the
top-left key shown in FIG. 2, the drive channel D1 associated
with column electrode X1 and the sense channel S1 associ-
ated with row electrode Y1 are activated.

When activated, the drive channel D1 applies a time-vary-
ing drive signal to the column electrode X1. The drive channel
D1 may be a simple CMOS logic gate powered from a con-
ventionally regulated supply and controlled by the sensor
controller 10 to provide a periodic plurality of voltage pulses
of'a selected duration (or in a simple implementation a single
transition from low-to-high or high-to-low voltage). Alterna-
tively, the drive channel may comprise a sinusoidal generator
or generator of a cyclical voltage having another suitable
waveform. A changing electric field is thus generated on the
rising and failing edges of the train of voltage cycles applied
to the driven column electrode X1. The column electrode X1
and the row electrode Y1 act as opposing plates of a capacitor
having a capacitance Cj. The capacitance C is primarily
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governed by the region of overlap between the column elec-
trode X1 and the row electrode Y1 (i.e. at the position of the
key defined by the intersection of these electrodes). This is
because this is where the electrodes are at their closest. Thus
the row electrode Y1 is capacitively coupled to the driven
column electrode X1 and so receives or sinks the changing
electric field generated by the driven column electrode. This
results in a current flow in the row electrode Y1 induced by the
changing voltage on the driven column electrode X1 through
capacitive differentiation of the changing electric fields. The
current will flow towards (or from, depending on polarity)
both ends of the row electrode Y1 and to (from) the sense
channel S1 in the sense unit 8 via the appropriate shorting
connection 30 and sense wire 32. The sense channel com-
prises a charge measurement circuit configured to measure
the flow of charge into/out of (depending on polarity) the
sense channel caused by to the currents induced in the row
electrode Y1.

The capacitive differentiation occurs through the equation
governing current flow through a capacitor, namely:

I,=CpxdV/dt

where I; is the instantaneous current in the sense wire 32 and
dV/dt is the rate of change of voltage applies to the driven
column electrode X1. The amount of charge coupled to the
row electrode Y1 (and so into/out of the sense channel S1)
during an edge transition is the integral of the above equation
over time, i.e.

Qr=CpxV.

The charge coupled on each transition, Q, is independent
of the rise time of V (i.e. dV/dt) and depends only on the
voltage swing at the driven column electrode (which may
readily be fixed) and the magnitude of the coupling capaci-
tance C, between the driven column electrode and sense row
electrode. Thus a determination of the charge coupled into/
out of charge detector comprising the sense channel S1 in
response to changes in the drive signal applied to the column
electrode X1 is a measure of the coupling capacitance Cp
between the driven column electrode X1 and sense row elec-
trode Y1.

The capacitance of a conventional parallel plate capacitor
is almost independent of the electrical properties of the region
outside of the space between the plates (at least for plates that
are large in extent compared to their separation). However,
the combination of the diamond-shaped open regions in the
column electrode and the gaps in the ITO between the difter-
ent sub-rows in the row electrodes means that at least some of
the electric fields connecting between the column electrode
X1 and the row electrode Y1 “spill” out from the substrate.
This means the capacitive coupling (i.e. the magnitude of Cy)
between the driven column electrode and the sense row elec-
trode is to some extent sensitive to the electrical properties of
the region in the vicinity of the intersection of the electrodes
(i.e. at the location of the key) in to which the “spilled”
electric field extends.

In the absence of any adjacent objects, the magnitude of C,
is determined primarily by the geometry of the column and
row electrodes (taking account of their respective openings)
in their region of overlap, and the thickness and dielectric
constant of the substrate 4. However, if an object is present in
the region into which the electric field spills through the gaps
in the ITO and beyond the cover panel comprising layer [.1 in
FIG. 3B, the electric field in this region may be modified by
the electrical properties of the object. This causes the capaci-
tive coupling between the electrodes to change, and thus the
measured charge coupled into/from the charge detector com-
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prising the sense channel changes. For example, if a user
places a finger in the region of space occupied by some of the
of'the spilled electric fields, the capacitive coupling of charge
between the electrodes will be reduced because the user will
have a substantial capacitance to ground (or other nearby
structures whose path will complete to the ground reference
potential of the circuitry controlling the sense elements). This
reduced coupling occurs because the spilled electric field
which is normally coupled between the driven column elec-
trode and sense row electrode is in part diverted away from the
row electrode to earth. This is because the object adjacent the
sensor acts to shunt electric fields away from the direct cou-
pling between the electrodes.

FIGS. 3C and 3D schematically show section views of a
region of the sensor 2 in which the electric field lines con-
necting between the drive and sense electrodes are schemati-
cally shown. These figures are similar to and will be under-
stood from FIG. 3B, but for simplicity only portions of layers
L3 (front ITO), 14 (substrate) and L5 (rear ITO) are shown.
FIG. 3C shows the electric fields when there is no object
adjacent the sensor. FIG. 3D shows the electric fields when
there is an object adjacent the sensor (i.e. user’s finger having
a capacitance C, to ground). When there is no object adjacent
the sensor, all of the electric field lines connect between the
two electrodes. However, when the user’s finger is adjacent
the sensor, some of the electric field lines that pass outside of
the substrate are coupled to ground through the finger. Thus
fewer field lines connect between the electrodes and the
capacitive coupling between them is reduced. The effect is
similar to that employed in U.S. Pat. No. 5,648,642.

Thus by monitoring the amount of charge coupled between
the driven column electrode X1 and the sense row electrode
Y1, changes in the amount of charge coupled between them
can be identified and used to determine if an object is adjacent
thekey (i.e. whether the electrical properties of the region into
which the spilled electric fields extend have changed). For
example, on initial start up of the sensor 2, the sensor con-
troller 10 may make a measurement of the charge transferred
between the column and row electrodes at each key location
for a given drive signal. This may then be taken to be a
reference signal level S, for each key. During operation, the
sensor controller may sequentially determine (i.e. scan) the
capacitive coupling at each key location by activating appro-
priate column and row electrodes. The amount of measured
charge transferred at each key S, may then be compared
with the reference signal level S, . for that key to determine
whether it has changed significantly, e.g. whether it has
changed by at least a predetermined threshold signal amount
S,,. If the change is greater than S,,, the sensor controller
determines that an object is adjacent the relevant key and
indicates a detection event to the device controller 52 by
outputting an appropriate signal P, indicating the position of
the object (i.e. adjacent which key it is positioned). The sensor
controller may also examine the magnitude of the change in
the amount of charge transferred at keys in the vicinity of the
key displaying a change above the threshold so that the posi-
tion of the touch can be interpolated to a resolution better than
the size of the individual keys.

Itwill be appreciated that it is not necessary to scan the keys
one at a time. If a separate sense channel is associated with
each row electrode, all of the rows can be sensed at the same
time as a single column electrode is driven such that all of'the
keys in a given column can be examined at the same time.

The sensitivity of the position sensor depends on the extent
to which electric fields spill out from the region between the
row and column electrodes (i.e. outside of the substrate 4).
This is because this defines the extent to which the electrical
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properties of an object located adjacent the substrate (possi-
bly through a cover panel) can modify the electric fields
connecting between the driven column electrode and the
receiving row electrode, and hence the capacitive coupling
between them. In the example position sensor 2 described
above, it is the driven column electrode side of the substrate
which faces the user during normal use. Accordingly, it is the
amount of electric fields starting or terminating (depending
on polarity) on the diamond-shaped filled regions in the row
electrodes which spills through the corresponding diamond-
shaped open regions in the column electrodes that determines
the sensitivity of the sensor. To improve sensitivity one would
ideally select an electrode pattern on the user side of the
substrate that has a relatively small area of ITO with a large
fraction of the area taken up by open regions. However, while
this might be possible with conventional non-transparent con-
ductors, it is not possible with the more resistive transparent
conductors because electrode structures which comprise only
a sparse network of the resistive conductor material become
too resistive. As explained above, if the output of the drive
channel “sees” too much impedance, the reliability and
response characteristics of the sensor can be significantly
degraded. It is therefore important to find a balance between
a dense pattern of ITO (providing low resistance electrodes)
and an open pattern (providing good sensitivity).

It should be noted that although in the above example it is
electric fields spilled through the diamond-shaped open
regions in the column electrodes that are modified by an
adjacent object, it is the row electrodes on the opposing side
of'the substrate that have the greatest resistance because they
comprise narrower traces of ITO. Thus in this example it is the
row electrodes that benefit most from the shorting connec-
tions. The column electrodes themselves comprise relatively
broad section of ITO. However, the relatively large amounts
of ITO on the front side of the substrate limit the geometry of
the ITO patterning that can be applied to the rear of the
substrate (i.e. the row electrodes). This is because it is impor-
tant to reduce the area of the substrate thathas ITO at the same
location on opposite sides. This is because these regions of the
electrodes are strongly capacitively coupled to each other and
so reduce the amount of electric filed that can spill through the
open regions. It is the need to minimize regions in which the
ITO comprising the driven and sense electrodes is on both
sides of the substrate that is at the heart of the need to strike a
balance between a dense and an open pattern of the resistive
conductor. The effect of the resistance of the row electrodes
on the impedance presented to the drive channel can be
reduced by connecting both ends of the row electrodes to the
sense channel using low resistance wiring, for example using
the shorting wires shown in FIG. 1B. If only one end of each
row were to be connected to the sense channel, measurements
of the capacitive coupling associated with keys at the other
end would be affected by the whole of the electrical resistance
of the electrode. However, by connecting both ends of the
electrode to the sense channel, the current flows associated
with the keys at both ends of the electrode have a relatively
direct (i.e. low resistance) connection to the sense channel.
Furthermore, the current flows from keys in the middle of the
row electrodes can flow both ways along the electrodes to the
sense channels. Thus the maximum contribution to the
impedance of the sensor which arises from the electrode itself
is reduced by a factor of four compared to the case that there
is no shorting connection. This is because the point having the
greatest resistance moves from one end to the middle of the
electrode (thus halving the greatest resistance), and further-
more the two halves of the electrode connect the middle point
to the measurement circuitry in parallel, thus halving again
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the greatest resistance. This allows position sensors based on
resistive conductors (i.e. typically transparent conductors) on
opposing sides of a substrate to be provided with sufficiently
low electrode resistance that reliable position sensors can be
provided. (It will be understood that if deemed necessary
similar shorting connection wires could be used between the
ends of the driven column electrodes.)

It will be appreciated that the diamond-shaped pattern is
only one particular example of this type of electrode pattern-
ing and similar patterns based on, for example, circular or
square regions, as shown schematically in FIGS. 4A and 4B
(which are similar to and will be understood from FIG. 3A)
and many other configurations can equally be used.

Furthermore, FIGS. 5A and 5B schematically show front
and rear electrode patterns used in a sensor according to
another embodiment of the invention. These figures are simi-
lar to and will be understood from FIGS. 1A and 1B. How-
ever, FIGS. 5A and 5B show a sensor having a different
arrangement of keys. Rather than the four by three array of the
sensor shown in FIGS. 1A and 1B, this sensor has two upper
rows of three keys and a lower single row of four keys. The
keys are based on a similar diamond-shaped pattern to that
described above. The electrode patterning associated with the
keys of the lower row are of a smaller scale but this is not
significant. This embodiment shows one example of how a
designer of a control panel according to the invention has a
greet deal of freedom in determining how he would like the
keys to be arranged.

FIG. 6 A schematically shows a circuit which may be used
to measure the charge transferred from a column electrode
100 to a sensing row electrode 104. Circuitry of this type is
more fully described in WO 00/44018. The capacitive cou-
pling between the column electrode 100 and the row electrode
104 is schematically shown as a capacitor 105. The circuit is
based in part on the charge-transfer (“QT”) apparatus and
methods disclosed by the present inventor in U.S. Pat. No.
5,730,165, the contents of which are herein incorporated by
reference.

The drive channel associated with column electrode 100,
the sense channel associated with sensing row electrode 104
and elements of the sensor controller are shown as combined
processing circuitry 400. The processing circuitry 400 com-
prises a sampling switch 401, a charge integrator 402 (shown
here as a simple capacitor), an amplifier 403 and a reset switch
404, and may also comprise optional charge cancellation
means 405. The timing relationships between the column
electrode drive signal from the drive channel 101 and the
sample timing of switch 401 is schematically shown in FIG.
6B. The drive channel 101 and the sampling switch 401 are
provided with a suitable synchronizing means, which may be
a microprocessor or other digital controller 408, to maintain
this relationship. In the implementation shown, the reset
switch 404 is initially closed in order to reset the charge
integrator 402 to a known initial state (e.g., zero volts). The
reset switch 404 is then opened, and at some time thereafter
the sampling switch 401 is connected to charge integrator 402
via terminal 1 of the switch for an interval during which the
drive channel 101 emits a positive transition, and thereafter
reconnects to terminal 0, which is an electrical ground or
other suitable reference potential. The drive channel 101 then
returns to ground, and the process repeats again for a total of
‘n’ cycles, (where nmay be 1 (i.e. O repeats), 2 (1 repeat), 3 (2
repeats) and so on). It is important that the drive signal does
not return to ground before the charge integrator is discon-
nected from the row electrode since otherwise an equal and
opposite charge would flow into/out of the sense channel
during positive and negative going edges, thus leading to no
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net transfer or charge into the charge detector. Following the
desired number of cycles, the sampling switch 401 is held at
position 0 while the voltage on the charge integrator 402 is
measured by a measurement means 407, which may comprise
an amplifier, ADC or other circuitry as may be appropriate to
the application at hand. After the measurement is taken, the
reset switch 404 is closed again, and the cycle is restarted
when next desired, e.g. instantaneously or after a delay appro-
priate to the device being controlled. The process is referred
to herein as being a measurement ‘burst’ of length ‘n’. where
‘n’ can range from 1 to any finite number. The circuit’s sen-
sitivity is directly related to ‘n’ and inversely to the value of
the charge integrator 402.

It will be understood that the circuit element designated as
402 provides a charge integration function that may also be
accomplished by other means, and that the invention is not
limited to the use of a ground-referenced capacitor as shown
by 402. It should also be self-evident that the charge integra-
tor 402 can be an operational amplifier based integrator to
integrate the charge flowing through in the sense circuitry.
Such integrators also use capacitors to store the charge. It may
be noted that although integrators add circuit complexity they
provide a more ideal summing-junction load for the sense
currents and more dynamic range. If a slow speed integrator
is employed, it may be necessary to use a separate capacitor in
the position of 402 to temporarily store the charge at high
speed until the integrator can absorb it in due time, but the
value of such a capacitor becomes relatively non-critical
compared to the value of the integration capacitor incorpo-
rated into the operational amplifier based integrator.

It is helpful for the sampling switch 401 to connect the
sensing row electrodes of the sensor to ground when they are
not connected to the charge integrator 402 during the changes
of drive signal of the chosen polarity (in this case positive
going). This is because this can create an artificial ground
plane, thus reducing RF emissions, and also, as noted above,
permitting the coupled charge of opposite polarity to that
being sensed by the charge integrator 402 to properly dissi-
pate and neutralize. It is also possible to use a resistor to
ground on the row electrode lines to accomplish the same
effect between transitions of drive channels 101. As an alter-
native to a single SPDT switch 401, two independent switches
can be used if timed in an appropriate manner.

As described by the present inventor in U.S. Pat. No. 5,730,
165, there are many signal processing options possible for the
manipulation and determination of a detection or measure-
ment of signal amplitude. U.S. Pat. No. 5,730,165 also
describes the gain relationship of the arrangement depicted in
FIG. 6A, albeit in terms of a single electrode system. The gain
relationship in the present case is the same. The utility of a
signal cancellation means 405 is described by the present
inventor in U.S. Pat. No. 4,879,461, as well as in U.S. Pat. No.
5,730,165. The disclosure of U.S. Pat. No. 4,879,461 is herein
incorporated by reference. The purpose of signal cancellation
is to reduce the voltage (i.e. charge) build-up on the charge
integrator 402 concurrently with the generation of each burst
(positive going transition of the drive channel), so as to permit
a higher coupling between the driven column electrodes and
the receiving row electrodes. One benefit of this approach is
to allow a large sensing area that is sensitive to small devia-
tions in coupling between the electrodes at relatively low cost.
Such large sense couplings are present in physically large
electrodes typically used in human touch sensing pads.
Charge cancellation permits measurement of the amount of
coupling with greater linearity, because linearity is dependent
on the ability of the coupled charge from the driven column
electrode 100 to the sensing row electrode 104 to be sunk into
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a ‘virtual ground’ node over the course of a burst. If the
voltage on the charge integrator 402 were allowed to rise
appreciably during the course of a burst, the voltage would
rise in inverse exponential fashion. This exponential compo-
nent has a deleterious eftect on linearity and hence on avail-
able dynamic range.

FIG. 7 schematically shows in plan view a control panel 80
incorporating a touch sensitive display 82 of the kind
described shown in FIG. 3B. The control panel 80 is mounted
in awall 84 of a device being controlled, in this case a washing
machine. The cover panel 92 of the touch sensitive display 82
extends over the whole area of the control panel with the
region occupied by the touch sensitive display located, in this
example, near to the middle of the control panel. The touch
sensitive display is shown in FIG. 7 with a display that shows
anumber of menu button labeled A to F, e.g. corresponding to
different washing programs that may be selected, a sliding
scale 94 for defining a variable parameter, e.g. a washing
temperature, and some lines of text 96 displayed to a user for
information. Thus a user may, for example, select a washing
program by touching the control panel in the region of the
menu buttons labeled A to F. The sensor comprising the touch
sensitive display may be configured such that the positions of
the menu buttons A-F correspond to the locations of “keys” in
the sensor (i.e. the region of the intersections between column
and row electrodes). Alternatively, the menu buttons A-F may
not be directly related to the arrangement of the underlying
keys of the sensor and may be arbitrarily defined. In the latter
case the position of a touch within the sensitive area may be
determined from an interpolation of the signals from a num-
ber of keys, the position then being compared with the posi-
tions of the displayed menu buttons to determine if one has
been selected. A selection of a temperature from the sliding
temperature scale 82 displayed to a user can be made in the
same way.

In addition to the touch sensitive display 82, the control
panel also includes a number of additional buttons 86 and an
on/off switch 88. These may be touch sensitive keys or con-
ventional mechanical button switches. In this example they
are touch sensitive keys which preserve the flat and sealed
outer surface of the control panel. Because in this case the
additional buttons are not required to be transparent, there is
no need for them to be formed from ITO. Accordingly,
cheaper and less resistive copper electrodes may be used for
these buttons. Furthermore, a single sensor controller inte-
grated circuit chip may conveniently be used to control the
position sensor comprising the transparent sensor and the
more convention copper electrode touch sensitive buttons 86,
88. This can be achieved, for example, by appropriate cali-
bration of the different channels of the single controller chip
to take account of the different resistance and loading of the
ITO film and the copper electrodes.

Thus a designer is afforded a great deal of freedom in
designing a control panel incorporating a transparent touch
sensitive position sensor and it will be appreciated that the
principles described above are applicable to many types of
device/appliance. For example, similar sensors can be used
with ovens, grills, washing machines, tumble-dryers, dish-
washers, microwave ovens, food blenders, bread makers,
drinks machines, computers, home audiovisual equipment,
portable media players, PDAs, cell phones, computers, and so
forth. For example, FIG. 8 schematically shows a washing
machine 91 incorporating a sensor 93 according to an
embodiment of the invention and FIG. 9 schematically shows
acellular telephone 95 incorporating a sensor 99 according to
an embodiment of the invention and a screen 97. More gen-
erally the invention may be used in conjunction with any
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appliance having a human-machine interface. It is also pos-
sible to provide a sensor similar to those kind described above
which is provided separately from a device/appliance which it
may be used to control. For example to provide an upgrade to
a pre-existing appliance. It is also possible to provide a
generic sensor which may be configured to operate a range of
different appliances. For example, a sensor having a given
range of keys which a device/appliance provider may associ-
ated with functions of an apparatus as he wishes by appropri-
ately configuring a controller, for example, by reprogram-
ming.

FIGS. 10A and 10B schematically show respective front
and rear plan views of a two dimensional capacitive position
sensor 110 according to another embodiment of the invention.
This might be used, for example, in a cooker control panel.
The sensor 110 is similar to that shown in FIGS. 5A and 5B in
that it provides the same arrangement of keys. That is to say
the sensor 110 has two upper rows of three keys and a single
lower row of four keys. However, the electrode patterning for
the keys is different. The keys of the sensor shown in FIGS.
5A and 5B are based on a diamond-shaped pattern of over-
lapping open and filled areas, with each row electrode formed
from four sub-rows of conductive material. However, the keys
of the sensor 110 shown in FIGS. 10A and 10B are based on
a pattern comprising regions in the form of rounded-slots, and
furthermore, each row electrode comprises a single rows of
conductive material. Furthermore still, in this embodiment
the openings in the column electrodes contain areas of con-
ductive material 111. These areas are electrically isolated
from the surrounding electrode material and so do not affect
the way in which the sensor operates. However, from an
aesthetic point of view, it can be better to include these areas
of conductive material 111 in transparent sensors because it
can help make the layer of conductive material comprising
the electrodes appear less visible to the user because of the
more uniform covering. The two ends of each of the respec-
tive row electrodes are connected together by shorting con-
nections 130 which are similar to and will be understood from
those described above.

Notwithstanding the differences in the specific pattern of
conducting material forming the electrodes, the sensor 110
shown in FIGS. 10A and 10B operates in the same general
manner, and will be understood from, the sensor shown in
FIGS.1A and 1B. Thus also shown in FIG. 10A is a drive unit
116 and a sensor controller 110. The drive unit 116 differs
from the drive unit 6 shown in FIG. 1A in that it comprises
four (as opposed to three) drive channels D1, D2, D3, D4.
This is because one of the rows of keys for the sensor 110
(namely the bottom row for the orientation shown in FIG.
10A) comprises four key areas and four drive channels are
required to service this row. This difference apart, the drive
unit 116 operates in a similar way, and will be understood
from, the drive unit shown in FIG. 1A. Similarly, FIG. 10B
shows a sense unit 118 and again the sensor controller 110.
The sense unit operates in a similar way, and will be under-
stood from, the sense unit 8 shown in FIG. 1B.

The sensor controller 110 operates in broadly the same
manner as the sensor controller 10 shown in FIGS. 1A and
1B. However, differences in the associated key arrangements
means that different logic is required to determine which key
is being touched. For the sensor 110 shown in FIGS. 10A and
10B, if signals are detected by sense channels S1 or S2 (the
upper two rows), the selected key area will depend on which
of drive channels D1, D3 or D4 is active. (It is noted that drive
channel D2 cannot give rise to a sense signals on sense chan-
nels S1 or S2 because the column electrode connected to drive
channel D2 does not overlap the row electrodes connected to
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these sense channels.) If, on the other hand, a signal is
detected by sense channel S3 (the bottom row), the selected
key area will depend on which of drive channels D1, D2, D3
or D4 is active.

FIGS. 11A and 11B schematically show respective front
and rear plan views of a two dimensional capacitive position
sensor 210 according to another embodiment of the invention.
The sensor shown in FIGS. 11 A and 11B again operates in a
manner which is overall similar to that shown in FIGS. 1A
and 1B, but is again based on a different key configuration. In
this case an array of six rows and eight columns of keys (48
key areas in total) is provided. Thus the corresponding drive
unit (not shown) comprises eight drive channels coupled to
the eight column electrodes and the corresponding sense unit
(not shown) comprises six sense channels coupled to the six
row electrodes. As in the embodiments described above, the
location of a touch is determined from the intersection of the
column electrode connected to the active drive channel and
the sense electrode connected to the sense channel which sees
a signal.

In addition to the increased number of rows and columns,
the electrode pattern for the sensor 210 shown in FIGS. 11A
and 11B is different from that of the sensor 2 shown in FIGS.
1A and 1B in that the column electrodes are not separated by
ground shielding. Furthermore, the keys of the sensor shown
in FIGS. 1A and 1B are based on a diamond-shaped pattern of
open and filled areas, with each row electrode formed from
four sub-rows of conductive material. However, the keys of
the sensor 210 shown in FIGS. 11A and 11B are based on
open and filled regions in the form of connected rectangles,
with each row electrode comprising only a single row (as
opposed to a number of sub rows) of conductive material.

The two ends of each of the respective row electrodes
shown in FIG. 11B are connected together by shorting con-
nections 230 which are again similar to, and will be under-
stood from, those described above. In addition, the ends of
each of the respective column electrodes shown in FIG. 11A
are also connected together by column shorting connections
240. These are used to reduce the electrical impedance pre-
sented to the drive channels in the same way as the shorting
connections 230 between the ends of the row electrodes are
used to reduce the electrical impedance presented to the sense
channels. This can be particularly useful for relatively large
area sensors, or sensors where the key areas are narrow,
because the resistance of the column electrodes, as well as the
row electrodes, can then become significant. Accordingly, the
sensor 210 shown in FIGS. 11A and 11B might be particu-
larly suitable for larger touch screens, such as might be used
inapoint of sale terminal, e.g. onthe orderof 16 cm by 12 cm,
or so.

Although the above has described sensors in terms of
driven column electrodes and sensing row electrodes, it will
be appreciated that these may be reversed without changing
the underlying principles of operation. For example, the sen-
sor 2 shown in FIG. 2 could equally be operated by connect-
ing the row electrodes to drive channels and the column
electrodes to sense channels. Furthermore, the substrate 4 can
be reversed such that the side referred to above as the rear side
is arranged on the user-facing side of the substrate during
normal use. It will, however, be appreciated that the degree of
spilling of electric fields may not be the same on either side of
the substrate since it will generally depend on the patterning
of the electrodes on either surface. Thus it may be beneficial
for the electrode patterning having the greatest degree of
spilling to be on the side of the substrate that faces the object
to be sensed (e.g. a user’s finger or a stylus) during normal
use. It has also been found experimentally that improved
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sensitivity can be obtained if the sense electrodes are located
on the side of the substrate that faces the object to be sensed
during normal use. For example, a doubling of measured
signal strength has been seen compared to the case that the
driven electrodes face the object to be detected.

Furthermore, rather than relying on a transmit-receive
arrangement (i.e. employing drive and sense electrodes), the
substrate, electrode patterning and shorting connection
arrangements described above may also be used in a passive
configuration. That is to say, rather then have drive channels
applying drive signals to drive electrodes and sense channels
detecting sense signals induced in sense electrodes by the
drive signals, each of the electrodes could be connected to a
single-electrode capacitance sensing channel (for example as
described in U.S. Pat. No. 5,730,165). With this arrangement
the respective rows and columns of electrodes independently
sense the position of the object along two corresponding
directions. For example, with reference to the embodiment
shown in FIGS. 5A and 5B, the three column electrodes of
FIG. 5A and the three row electrodes of FIG. 5B could each be
connected to identical single-electrode capacitance sensing
channels. Signals associated with the column electrodes of
FIG. 5A can thus be used to identify the position of a touch in
the horizontal direction (for the orientation shown in FIG.
5A), while signals associated with the row electrodes of FIG.
5B may be used to identify the position of an object in the
vertical direction.

Finally, it is noted that although the term “touch” is fre-
quently used in the above description, a sensor of the kind
described above can be sufficiently sensitive that it is able to
register the location of an adjacent finger (or other object such
as a stylus) without requiring physical contact. The term
“touch” as used herein should therefore be interpreted
accordingly.

What is claimed is:

1. A capacitive sensor comprising:

a substrate;

a first electrode on a first surface of the substrate, the first

electrode comprising:

a first continuous portion of electrode material substan-
tially extending across a sense area of the capacitive
sensor, and

a first opening; and

asecond electrode on a second surface of the substrate, the

second surface opposite the first surface, the second
electrode being electrically insulated from the first elec-
trode by the substrate, the first and second electrodes
configured to capacitively couple a charge between the
first and second electrodes, the second electrode com-
prising:

a second continuous portion of electrode material sub-
stantially extending across the sense area of the
capacitive sensor; and

a filled region configured to align with the first opening
of the first electrode.

2. The capacitive sensor of claim 1, comprising a first
shorting connection configured to connect between at least
two locations on the first electrode.

3. The capacitive sensor of claim 2, comprising a second
shorting connection configured to connect between at least
two locations on the second electrode.

4. The capacitive sensor of claim 1, wherein the first open-
ing includes a third portion of electrode material within the
first opening, the third portion of electrode material electri-
cally isolated from the first and second electrodes.

5. The capacitive sensor of claim 1, comprising a third
electrode on the first surface of the substrate.
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6. The capacitive sensor of claim 5, comprising a ground
electrode disposed between the first electrode and the third
electrode.

7. The capacitive sensor of claim 1, comprising a third
electrode on the second surface of the substrate.

8. The capacitive sensor of claim 7, comprising a ground
electrode disposed between the second electrode and the third
electrode.

9. The sensor of claim 1, comprising:

a third electrode on the first surface of the substrate; and

a fourth electrode on the second surface of the substrate.

10. The capacitive sensor of claim 1, comprising a drive
channel operable to apply electrical drive signals to one of the
first or second electrodes and a sense channel operable to
detect, in response to the drive signal, electrical sense signals
induced in the other of the first or second electrodes.

11. The capacitive sensor of claim 10, wherein the drive
channel comprises a switch element operable to selectively
connect and disconnect, to a voltage source, the electrode to
which the drive channel is operable to apply electrical drive
signals.

12. The capacitive sensor of claim 11, wherein the sense
channel is associated with the electrode on the surface of the
substrate that faces an object to be sensed during normal use.

13. The capacitive sensor of claim 10, wherein the sense
channel comprises a charge transfer circuit.

14. A control panel comprising:

a capacitive sensor comprising:

a substrate;
a first electrode on a first surface of the substrate, the first
electrode comprising:

a first continuous portion of electrode material sub-
stantially extending across a sense area of the
capacitive sensor, and

a first opening, the substrate being solid in a region
configured to align with the first opening of the first
electrode; and

a second electrode on a second surface of the substrate,
the second surface opposite the first surface, the sec-
ond electrode comprising:

a second continuous portion of electrode material
substantially extending across the sense area of the
capacitive sensor; and

a filled region configured to align with the first open-
ing of the first electrode.

15. The control panel of claim 14, comprising a first a
shorting connection configured to connect between at least
two locations on the first electrode.

16. The control panel of claim 15, comprising a second
shorting connection configured to connect between at least
two locations of the second electrode.

17. The control panel of claim 14, wherein the first opening
includes a third portion of electrode material within the first
opening, the third portion of electrode material electrically
isolated from the first and second electrodes.

18. The control panel of claim 14, wherein the cover panel
and the capacitive sensor are attached to one another by a
refractive index matching adhesive.

19. The control panel of claim 14, further comprising a
display screen underlying the capacitive sensor.

20. The control panel of claim 19, wherein the display
screen and the capacitive sensor are attached to one another
by a refractive index matching adhesive.

21. An apparatus comprising:

a capacitive sensor comprising:

a substrate;
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a first electrode on a first surface of the substrate, the first
electrode comprising:

a first continuous portion of electrode material sub-
stantially extending across a sense area of the
capacitive sensor, and

a first opening, the substrate being solid in a region
configured to align with the first opening of the first
electrode; and

a second electrode on a second surface of the substrate,
the second surface opposite the first surface, the sec-
ond electrode comprising:

a second continuous portion of electrode material
substantially extending across the sense area of the
capacitive sensor; and

a filled region configured to align with the first open-
ing of the first electrode;

a cover panel overlying the capacitive sensor; and
a processing unit.
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